Introduction
DCs comprise a heterogenic group of antigen-presenting cells, which share the ability to prime naive T cells (1). Upon exposure to pathogen-associated molecular patterns and endogenous danger signals, DCs undergo a maturation process, which is a prerequisite for initiating specific T cell responses. DC maturation involves a change in the pattern of secreted cytokines as well as the upregulation of costimulatory molecules. Furthermore, DC-derived signals guide the immune response by orchestrating the differentiation of naive T cells into specific effector T cell subsets. Since DCs not only ingest pathogens but also acquire self-antigens during the steady state, their maturation has to be tightly controlled to avoid priming of autoreactive T cells and autoimmunity (2) .
The enzyme 12/15-lipoxygenase (12/15-LO) represents the murine ortholog of human 15-lipoxygenase (15-LO). Both enzymes oxygenate free and esterified polyunsaturated fatty acids (3). 12/15-LO has been shown to be expressed in foam cells within the atherosclerotic plaque and has been implicated in the oxidation of LDL particles and generation of proinflammatory lipid oxidation products that drive vascular inflammation and the development of atherosclerotic plaques (4, 5) . However, the physiological role of this enzyme is still incompletely understood. During the steady state, 12/15-LO is selectively expressed in different cells of the myeloid lineage, such as resident and alternatively activated macrophages. Furthermore, 12/15-LO is robustly induced upon exposure of monocytes to Th2 cytokines, such as IL-4 and IL-13 (6) . Notably, this enzyme also participates in the generation of distinct antiinflammatory lipid mediators and thereby contributes to the resolution of inflammation, the limitation of inflammation-associated tissue damage, and the clearance of apoptotic cells (7) (8) (9) (10) (11) . Although 15-LO has been reported to be expressed in human DCs (12) , a potential role of this enzyme in DCs or during the development of a specific T cell response has remained elusive.
In the present study, we describe a role that we believe to be novel for 12/15-LO during the regulation of DC maturation and the shaping of the consecutive T cell response. 12/15-LO expression in DCs and 12/15-LO-derived lipid mediators limited the maturation process of DCs via activation of the transcription factor NF-E2-related factor 2 (NRF2) and dampened the differentiation of Th17 cells. Accordingly, 12/15-LO-deficient (Alox15 -/-) mice displayed an increased maturation of DCs as well as an enhanced differentiation of Th17 T cells, resulting in exacerbation of experimental autoimmune encephalomyelitis (EAE).
Results
Bone marrow-derived DCs express 12/15-LO. Although 15-LO can be detected in human monocyte-derived DCs (moDCs), a functional DCs are able to undergo rapid maturation, which subsequently allows them to initiate and orchestrate T cell-driven immune responses. DC maturation must be tightly controlled in order to avoid random T cell activation and development of autoimmunity. Here, we determined that 12/15-lipoxygenase-meditated (12/15-LO-mediated) enzymatic lipid oxidation regulates DC activation and fine-tunes consecutive T cell responses. Specifically, 12/15-LO activity determined the DC activation threshold via generation of phospholipid oxidation products that induced an antioxidative response dependent on the transcription factor NRF2. 6 Stephan Blüml, after LPS-induced maturation. Flow cytometric analysis showed that, after maturation with LPS, Alox15 -/-DCs expressed higher levels of MHC class II molecules, costimulatory molecules, and activation markers, including CD40, CD25, CD86, CD83 and CD80, on their surfaces (Figure 2 , A-C, and Supplemental Figure 1A ; supplemental material available online with this article; doi:10.1172/JCI78490DS1), indicative of an enhanced maturation status. Alox15 -/-DCs displayed both an increase in the percentage of maturated DCs and in the expression level of the individual costimulatory molecules. Accordingly, enzymatic inhibition of 15-LO with Baicalein in human moDCs resulted in a robust upregulation of costimulatory molecules and MHC class II molecules, suggesting a spontaneous maturation of otherwise immature DCs in the absence of an enzymatically active 15-LO ( Figure 2D and Supplemental Figure 1B) . Together, these data revealed an important role for murine 12/15-LO and human 15-LO in controlling the activation threshold and maturation process of DCs.
12/15-LO-derived phospholipid oxidation products attenuate DC maturation. 12/15-LO catalyses oxidation of free fatty acids or of fatty acids esterified to phospholipids (11) . To identify the 12/15-LO enzymatic products responsible for the inhibitory effect on DC maturation, we studied the effects of different known 12/15-LO-derived lipid mediators on this process. The 12/15-LOderived eicosanoids 12-HETE, 15-HETE, 13-HODE, and lipoxin A 4 had no significant effect on LPS-induced DC maturation (data not shown). In contrast, oxidized phosphatidylcholine (oxPC) potently inhibited the maturation process of DCs and blocked the upregulation of costimulatory molecules and of activation markers, such as MHC class II molecules, CD40, CD25, CD86, CD83, and CD80 ( Figure 3 and Supplemental Figure 2) . Notably, oxPC treatment attenuated DC maturation and corrected the hypermaturated phenotype of Alox15 -/-DCs. These findings suggested that 12/15-LO-derived phospholipid oxidation products counteracted the LPS-induced maturation process and thereby stabilized DCs in a resting state.
12/15-LO-derived oxPC modulates DC maturation via activation of Nrf2. Oxidized phospholipids have been previously shown to induce an antioxidative response program via the transcription factor NRF2 (15) . To address the mechanisms underlying oxPCmediated inhibition of DC maturation, we investigated a potential role of NRF2. Upon activation, NRF2 was shown to enter the nucleus, bind to its responsive elements, and drive transcription of a set of genes involved in the antioxidative response, such as heme oxygenase-1 (Hmox1), quinone oxidoreductase 1 (Nqo1), or role of this enzyme in DC biology has not yet been determined (12) . Notably, studies describing an oxidized LDL-mediated inhibition of DC maturation in dyslipidemic Apoe -/-mice provide indirect evidence for a major role of lipid oxidation in DC biology (13) . Therefore, we initially determined expression of 12/15-LO in murine DCs. Bone marrow-derived DCs (BM-DCs) displayed robust expression of Alox15 mRNA and of 12/15-LO protein (Figure 1, A and B) . Alox15 mRNA and 12/15-LO protein expression were gradually downregulated during the DC maturation process in response to LPS (Figure 1, A and B) , demonstrating that 12/15-LO expression inversely correlated with the maturation status of DCs. Since membrane phospholipids represent a major substrate of this enzyme (14) , we screened for the presence of 12/15-LOderived phospholipid oxidation products in DCs by applying mass spectrometry. DCs from WT mice were enriched in 12/15-LOderived oxidation products of phosphatidylcholine (PAPC-OH and PAPC-OOH), while their accumulation was reduced in DCs from Alox15 -/-mice ( Figure 1C whether NRF2 was involved in the oxPC-induced block of DCs, we analyzed the effects of oxPC on the expression of costimulatory molecules in WT and Nrf2 -/-DCs. Indeed, absence of NRF2 abrogated the inhibitory effects of oxPC ( Figure 4D ), suggesting that NRF2 functions as a key mediator of the oxPC-mediated immune-modulatory effects in DCs.
glutamate-cysteine ligase (Gclc). ChIP experiments showed that DNA binding of NRF2 to the promoters of these genes was greatly diminished in Alox15 -/-DCs ( Figure 4A ). oxPC, on the other hand, strongly induced association of NRF2 to the promoters of these genes and triggered a robust increase in their mRNA expression in WT DCs but not Nrf2 -/-DCs ( Figure 4 , B and C). To determine latory capacity (Supplemental Figure 3) . Since Alox15 -/-DCs displayed an increased expression of IL-23p19, we subsequently determined the effect of 12/15-LO expression on the differentiation of Th17 T cells. Therefore, we cocultivated DCs together with CD4 + T cells that were exposed to Th1-, Th2-, Th17-, or regulatory T cell-skewing conditions. Absence of 12/15-LO in DCs hardly affected Th1 or Th2 differentiation but resulted in an increased differentiation of Th17 cells, whereas regulatory T cell development was diminished ( Figure 5C ). Addition of oxPC, in turn, interfered with the differentiation of Th17 cells restoring a regular Th17 frequency ( Figure 5D ). Interestingly, oxPC also exerted an inhibitory influence on Th17 differentiation when DCs were absent ( Figure 5E ), which suggests that lipid oxidation products of 12/15-LO such as oxPC can act as direct inhibitors of Th17 differentiation.
Alox15 -/-mice display an increased differentiation of Th17 cells and an aggravation of T cell-dependent autoimmune responses. To determine the consequences of the altered maturation process of

Alox15
-/-DCs in vivo, we decided to study the murine EAE model in WT and Alox15 -/-mice. EAE is considered as a prototypic Th17-
DC-intrinsic 12/15-LO activity attenuates Th17 T cell differentiation.
During their maturation process, DCs start to express several cytokines, which subsequently shape the developing T cell response. Among other DC-derived cytokines, DCderived IL-12 family members, such as IL-12 and IL-23, contribute to the development and maintenance of Th1 and Th17 T cells, respectively (16) . The analysis of the cytokine expression profile of Alox15 -/-DCs showed multiple alterations in comparison to that for WT DCs. Notably, Alox15 -/-DCs displayed a shift in the mRNA and protein expression of different IL-12/IL-23 subunits and increased expression of the IL-23-specific subunit p19, whereas expression of the subunit p40 (shared by IL-12 and IL-23) was unaltered and the IL-12-specific subunit p35 was decreased ( Figure 5, A and B) .
To determine the functional consequences of DC-intrinsic 12/15-LO activity on the T cell response, we analyzed allogeneic mixed-leukocyte reactions with DCs isolated from WT and Alox15 -/-mice (C57BL/6 background) and lymphocytes isolated from BALB/c mice. Despite the increased maturation of Alox15 -/-DCs, we did not observe major differences in their T cell stimu- -/-CD11c + BM-DCs after LPS-induced maturation (100 ng LPS/ ml) in the absence and presence of oxPC (50 μg/ml). Data shown are representative of at least 3 independent experiments (n = 3). Error bars represent SEM. *P < 0.05, **P < 0.005, Student's t test. -/-mice displayed an altered cytokine expression profile after induction of disease. Analysis of the mRNA expression profile in the draining lymph nodes of these Alox15 -/-mice revealed a significant increase in the expression of the IL-23 subunit p19, whereas expression levels of the IL-12/IL-23 subunits p35 and p40 were not significantly changed ( Figure 6D ). In accordance with our data on 12/15-LO protein expression in the different DC subsets, expression of Alox15 mRNA decreased after disease initiation. Moreover, we observed increased levels of Il1b and an elevated expression of the Th17-specific transcription factor Rorgt in lymph nodes of Alox15 -/-mice. mediated autoimmune disease (17) . After immunization with MOG peptide, newly primed autoreactive T cells invade the CNS, resulting in CNS inflammation and progressive paralysis. Analysis of spleens and lymph nodes showed expression of 12/15-LO in different DC subsets, whereas neither T nor B cells expressed this enzyme ( Figure 6A and Supplemental Figure 4 , A-C). Following immunization, DC maturation was paralleled by a gradual downregulation of 12/15-LO expression ( Figure  6B ). In accordance with our in vitro data, DCs in Alox15 -/-animals displayed an enhanced maturation status, as reflected by increased expression of MHC class II molecules ( Figure 6C ). This phenotype was more pronounced in the moDC and myeloid DC (CD11c + CD11b + CD8 -) subsets, whereas the maturation We subsequently analyzed the distribution of different T cell subsets in the spleens of WT and Alox15 -/-mice, which were harvested 10 days after the initial immunization. Flow cytometry showed a significant increase in the number of Th17 T cells in Alox15 -/-mice, whereas the distribution of other T cell subsets, such as FOXP3 + regulatory T cells, Th1 cells, or Th2 T cells, was not changed ( Figure 6E ). In accordance with these findings, the clinical follow-up showed that Alox15 -/-mice suffered from an aggravated form of EAE. In a "classical" EAE model, which included application of pertussis toxin, we observed an increased clinical score in these mice ( Figure 6F) . In a modified EAE protocol, performed without the administration of pertussis toxin, both the clinical score and the disease incidence were significantly increased in Alox15 -/-mice compared with those in WT controls ( Figure 6G ).
Discussion
In the current manuscript, we describe a so far unrecognized role of the lipid-oxidizing enzyme 12/15-LO during the regulation of DC maturation and the modulation of the adaptive immune response. Deletion of the gene encoding 12/15-LO in murine BM-DCs resulted in enhanced DC maturation upon TLR ligation, while inhibition of the human ortholog 15-LO triggered a spontaneous maturation of moDCs. This difference in effect size might be due to intrinsic cellular differences between human blood monocyte-derived DCs and murine BM-DCs or to the slight shift in the catalytic preferences and product profile of murine 12/15-LO and human 15-LO (18). 12/15-LO-derived phospholipid oxidation products were, in turn, able to block LPS-induced DC maturation. Together, these data suggest an endogenous regulatory mechanism that involves the generation of 12/15-LO-derived -/-mice 10 days after induction of EAE. Data shown are representative of at least 3 independent experiments. Error bars represent SEM. *P < 0.05, **P < 0.005, ***P < 0.0005, Student's t test. (F and G) Analysis of the EAE severity score in WT and Alox15 -/-mice after immunization with MOG peptide in the (F) presence or (G) absence of pertussis toxin. Mean clinical scores were determined based on at least 7 mice per group (n = 7). ***P < 0.001, Mann-Whitney's U test. Figure 5, A and B) . In addition, indomethacin-induced inhibition of COX-2 activity did not ameliorate the increase in Il23p19 expression or the decrease in Il12p35 expression in Alox15 -/-DCs (Supplemental Figure 5, C and D) , arguing against a major role of substrate competition during the 12/15-LO-mediated regulation of the IL-12/IL-23 axis.
The increased differentiation of Th17 T cells in Alox15 -/-mice cumulated in an exacerbated form of EAE as a prototypical Th17-driven autoimmune disease. These data support previous findings that described an enhanced susceptibility of Alox15 -/-mice to the development of this disease (32) , although the authors of this previous study did not address the underlying mechanism. In accordance, NRF2-deficient mice develop an exacerbated form of EAE as well, whereas pharmacological compounds activating this transcription factor attenuate this disease in mice and were already successfully tested in the treatment of multiple sclerosis in humans (33) (34) (35) (36) .
Interestingly, 12/15-LO has also been implicated in the development of type 1 diabetes and atherosclerosis, in which deletion of Alox15 results in reduced disease incidence (37) . Although the exact role of 12/15-LO in the pathogenesis of type 1 diabetes remains largely elusive, 12/15-LO-induced oxidative stress and the direct cytotoxic effect of 12-HETE seem to contribute to mitochondrial dysfunction and altered insulin secretion. As type 1 diabetes represents a prototypical Th1-driven disease, the observed reduction of the IL-12/IL-23 ratio might additionally contribute to attenuation of this disease in Alox15 -/-mice. Taken together, our current study provides evidence for a central role of enzymatic lipid oxidation during the modulation of DC function and the shaping of an adaptive immune response. These insights might result in the identification of novel targets for the treatment of autoimmune diseases, such as multiple sclerosis and rheumatoid arthritis.
Methods
Animals. Animal experiments were approved by the government of Mittelfranken. Mice were housed in the animal facility of the University of Erlangen-Nuremberg. Alox15 -/-mice were purchased from
The Jackson Laboratory; C57BL/6 mice were purchased from Charles River Laboratories. All experiments comparing Alox15 -/-and WT mice and DCs were confirmed using littermates. NRF2-deficient (Nrf2 -/-) mice were previously described (38) .
Generation of murine BM-DCs. Bone marrow cells were flushed from the femurs and tibias of C57BL/6 or Alox15 -/-mice and cultured for 8 days in R10 medium at a concentration of 2 × 10 6 cells per 10-cm dish (Falcon, no. 1029, bacterial quality) and granulocyte macrophage colony-stimulating factor (GM-CSF). R10 culture medium is composed of RPMI 1640 (Lonza) supplemented with penicillin (100 U/ml, Lonza), streptomycin (100 mg/ml, Lonza), l-glutamine (2 mM, Lonza), 2-mercaptoethanol (50 mM, Sigma-Aldrich), and 10% heat-inactivated FCS (PAA Laboratories). GM-CSF supernatant (1:10) from a cell line transfected with the murine GM-CSF gene was used (39) . At day 3, a volume of 9 ml R10 medium containing 1 ml GM-CSF supernatant was added to the cultures. 50% of the culture supernatant phospholipid oxidation products that provide a critical activation threshold to limit the spontaneous and excessive maturation of DCs. The observed downregulation of 12/15-LO during regular LPS-induced maturation might instead be a prerequisite for a controlled maturation of DCs. A regulatory effect of oxidized phospholipids on human moDCs has been previously described (19, 20) , although a potential source of these lipids as well as the downstream targets have remained largely elusive in these studies. Our current data suggest that 12/15-LO acts as an important enzymatic source for such bioactive oxidized phospholipids in DCs that, in turn, control the DC's maturation state via the transcription factor NRF2.
Previous analyses of the immune response in hyperlipidemic Apoe -/-mice, which show elevated levels of oxidized LDLs in their sera, have revealed an inhibitory effect of oxidized LDLs on the TLR-induced maturation of CD8 -DCs in vivo as well as on the development of Th17-mediated autoimmune disease (13, 21, 22) . Notably, 12/15-LO is the major enzyme involved in the oxidation of LDL particles in such hyperlipidemic mice (23) and the biologic activity of oxidized LDL is strongly linked to LDL-associated oxidized phospholipids (24) . Hence, these findings are well in accordance with our current data and support the concept of a regulative role of lipid oxidation during DC maturation and initiation of the adaptive immune response. Our present study shows that the inhibitory effect of 12/15-LO-mediated lipid oxidation on the maturation of the CD8 -DC subsets and the Th17 response is independent from hyperlipidemia, as the mice in our experiments were not fed a highfat diet. Therefore, both LDL-derived and endogenous cell membrane-derived lipids can act as the source for the 12/15-LO-mediated generation of lipid mediators that attenuate DC maturation.
Mechanistically, our data suggest that 12/15-LO-derived phospholipid oxidation products activate the transcription factor NRF2 and, thereby, feedback on the antioxidative response of the DC. Indeed, NRF2 not only acts as master regulator of the antioxidative response but was likewise shown to negatively control DC maturation (25) (26) (27) (28) .
Moreover, our current data show a regulatory role of 12/15-LO-mediated enzymatic lipid oxidation on the regulation of the IL-12/IL-23 axis and the differentiation of Th17 T cells. While 12/15-LO activity attenuated expression of the IL-12 family member IL-23, a cytokine that has been implicated in the maintenance of functional Th17 cells, 12/15-LO-derived lipid mediators also directly interfered with Th17 differentiation. 12/15-LO was previously shown to regulate IL-12 expression in macrophages, in which deletion of this enzyme results in a reduced production of this cytokine (29, 30) . Our current data confirms a 12/15-LO-mediated regulation of IL-12p35 in DCs and additionally demonstrates a reciprocal regulation of the IL-12/IL-23 balance by 12/15-LO in such professional antigen-presenting cells, suggesting a slightly differential role of this enzyme in DC and macrophage biology.
In addition, COX-2-derived prostaglandin E 2 (PGE 2 ) was shown to regulate the IL-12/IL-23 axis in DCs (31) . In contrast to 12/15-LO, however, this COX-2 metabolite induced IL-23p19 and inhibited IL-12p35, thus indicating an inverse regulation of the IL-12/IL-23 ratio by COX-2 and 12/15-LO. The fact that COX-2 and 12/15-LO both metabolize polyunsaturated fatty acids enables a potential substrate competition between the two enzymes. ELISA and EIA. To determine supernatant concentrations of IL-23p19 and IL-12/23p40 (R&D Systems), as well as PGE 2 (Cayman), assays were performed according to the instructions in the manufacturer's protocols.
Western blot analysis. Cells and tissues were homogenized and lysed in Laemmli buffer. Protein concentration was determined using a RC/DC Protein Quantification Kit (Bio-Rad). Proteins were separated by electrophoresis in 10% SDS polyacrylamide gels. Proteins were blotted onto polyvinylidene difluoride membranes and, after blocking with 5% dry milk/0.1% Tween 20, incubated with primary and secondary peroxidase-conjugated antibodies and consequent chemiluminescent detection.
Quantification of PAPC-OH and PAPC-OOH in BM-DCs. Nonadherent BM-DCs (~3 × 10 6 cells) from WT and KO animals were harvested on ice, centrifuged, and washed twice with PBS supplemented with 2 mM EDTA and 0.01% butylated hydroxytoluene (PBS/BHT/ EDTA). The suspensions were transferred into cryovials overlaid with argon and stored at -80°C. For cell culture supernatants, cells were centrifuged at 400 g, and 500 μl of the liquid phase was collected and supplemented with BHT to 0.01% and EDTA to 2 mM. Quantification of different 12/15-LO-derived oxidation products in WT and Alox15
-/-BM-DCs was performed by liquid chromatography-tandem mass spectrometry as previously described (10) . Quantitative real-time PCR. Real-time PCR was performed as previously described (44) . RNA was isolated using TRIzol reagent (Invitrogen). One microgram of total RNA was reverse transcribed with human leukemia virus reverse transcriptase using the Gene Amp RNA PCR Kit (Applied Biosystems) and oligo(dT) primers. mRNA levels were normalized to β-actin expression in the case of tissue or Gapdh in the case of BM-DC cultures. The following primer sequences were used: Gapdh: CTACACTGAGGACCAGGTTGTCT (sense), CAGGAAATGAGCTTGACAAAGTT (antisense); β-actin, was removed at day 6, and cells were fed again with fresh 10 ml of 1:10 diluted R10 medium containing GM-CSF supernatant. On day 8, nonadherent cells, which were >95% CD11c + , were harvested and used for the different experiments (40) .
Maturation of murine DCs and treatments. On day 8, maturation of BM-DC cultures was induced by overnight treatment with 100 ng/ml LPS. In the case of LPS pulse stimulation, BM-DCs were incubated with 100 ng/ml LPS for 6 hours. Following incubation, medium was removed and adherent cells were washed twice with PBS. Cells were supplied with fresh R10 medium an incubated at 37°C until supernatants were harvested for determination of the cytokine content.
For lipid pretreatment, BM-DCs were incubated for 4 hours at 37°C before addition of maturation stimuli. oxPC was used at 50 μg/ml. For COX-2 inhibition, BM-DCs were pretreated with 10 μM indomethacin (4 hours, 37°C) prior to LPS-induced maturation.
Generation of human moDCs. Human moDCs were generated as described previously (41) . Briefly, peripheral blood mononuclear cells (PBMCs) were isolated from leukoreduction system chambers of healthy donors by density centrifugation using Lymphoprep (AxisShield PoC). PBMCs were seeded on tissue culture dishes (BD Falcon) for 1 hour. The nonadherent fraction was washed off after 1 hour with RPMI 1640 without any supplement. The adherent cell fraction was cultured for 4 days in DC medium consisting of RPMI 1640 (Lonza) supplemented with 1% (vol/vol) of each of the following: heat-inactivated human serum type AB (Lonza), Penicillin/Streptomycin/L-Glutamine (PAA Laboratories), and 10 mM HEPES (Lonza) as well as 800 IU/ml (day 0) or 400 IU/ml (day 3) recombinant human GM-CSF and 250 IU/ml (day 0 and 3) recombinant IL-4 (both Cell Genix). On day 4, immature DCs were used for further experiments.
Maturation of human DCs and treatment with Baicalein. Maturation of DCs was induced by the addition of a maturation cocktail consisting of 200 U/ml IL-1β (Cell Genix), 1,000 U/ml IL-6 (Cell Genix), 10 ng/ ml TNF-α (Beromun, Boehringer Ingelheim), and 1 μg/ml PGE 2 (Prostin E 2 , Pfizer) for 24 hours. Immature DCs were either incubated with 2 μM Baicalein (Sigma-Aldrich) formulated in DMSO or treated with 2 μM Baicalein and subsequently matured as indicated above. DMSO on its own was used as control.
Phospholipid preparation. Generation of oxPC has been previously described (42, 43) . oxPC was generated by air oxidation of the corresponding nonoxidized precursor phosphatidylcholine (PAPC) until 20% of PAPC remained intact, while the rest transformed into oxidized products. The extent of oxidation was monitored by thin-layer chromatography, and the analysis of the oxidation products was performed by flow-injection electrospray ionization mass spectrometry. Phospholipid concentration was determined by phosphorus assay. Phospholipids were dissolved in chloroform and stored at -80°C until use. Immediately before an experiment, chloroform solutions of oxPC were evaporated under a stream of argon and resuspended in culture medium by vigorous vortexing for 30 seconds.
Cell preparation and flow cytometry. To compare 12/15-LO expression in moDCs and conventional DCs, inguinal lymph nodes and spleens were harvested. Further, lymph nodes and spleens were digested for 25 to 30 minutes at 37°C with collagenase-DNase and then treated for 5 minutes with EDTA to disrupt T cell-DC complexes. After fixation with 4%PFA and surface staining, cells were permeabilized using Fixation/Permeabilization solution (eBioscience) and blocked with Permeabilization buffer (Perm; eBioscience) contain- Statistics. Data are shown as mean ± SEM. Group mean values were compared by 2-tailed Student's t test. Mean clinical scores of the EAE experiments were determined based on at least 7 mice per group, and statistical differences between the groups were compared by Mann-Whitney's U test. The data shown are representative of at least 3 experiments generating similar results.
